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Abstract: The "Ultimate Computer" is a quantum computer, representing a significant technological 
advancement with global ramifications. It uses atoms, the smallest feasible objects, to calculate instead of 

tiny transistors. Only digital tape, composed of a string of 0s and 1s, can be utilized for computation by 

digital computers, which is insufficient to accurately represent the delicate waves of electrons. Many 
scientists believe we are on the brink of a new era, with shock waves akin to those generated by the 

invention of the transistor and microprocessor. As per Moore's law, computer power doubles every 18 

months. Recently, IBM, Google, and IonQ have made substantial investments to transition the theoretical 
model of quantum computing into laboratories that demonstrate potential tangible architectures. These 

systems are now yielding observable quantum benefits for specific optimization, simulation, and 

cryptography challenges. This is exceptionally pertinent given the recent advances in quantum computing 
observed in the fields of electronics and communication engineering. This progress enables the 

development of quantum supercomputers, which could have significant and potentially disruptive 

implications for modelling nanoelectronic devices, enhancing signal processing, optimizing wireless 
communication networks, advancing information theory, and establishing quantum-secure 

communication protocols. The observed exponential increase in computational demands for electronics 

and communication systems has prompted the search for radically new information-processing paradigms. 

Focusing on its applications in electronics and communication engineering, this paper seeks to provide a 

comprehensive overview of the current landscape of quantum supercomputing. Compared to classical 

counterparts, quantum computers promise secure transmission, extremely high speed, and substantial 
storage capacity. 

 
Keywords: Quantum Computing, Qubits, Quantum Algorithms, Quantum Architectures, Quantum 

Communication 
Copyright © 2026 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY-NC 4.0). 

 

INTRODUCTION 
Quantum computing (QC) is a paradigm shift in 

computation, based on the principles of quantum 

mechanics, to efficiently solve computationally 

intractable problems. Quantum computing has made 

tremendous progress with an accelerated pace of 

advancements in quantum hardware and mounting 

research from academia and industry. The operation of 

contemporary computers, guided by Moore's Law, is 

coming close to the physical limit as transistors are 

moving toward the atomic realm, and hence a new 

computing paradigm is urgently needed. The evolution 

of QC is not a technology race but a multidisciplinary 

venture that crosses the boundaries of physics, 

mathematics, and computer science. It has the potential 

to solve problems in many fields, ranging from 

optimizing sophisticated logistical challenges for 

transportation firms to simulating drug interactions in the 

pharmacy sector. This review will offer an in-depth 

summary of the fundamental building blocks of quantum 

computing, its architectural issues, and its revolutionary 

applications in electronics and communication 

engineering. By demystifying important concepts and 

reviewing recent progress, this paper can be a doorway 

for readers who would like to know the potential and 

future trends of this revolutionary technology. 

 

FUNDAMENTALS OF QUANTUM COMPUTING 

Understanding quantum communication and computing 

requires a deep understanding of the fundamentals of 

quantum physics. 

 

Quantum Vs. Classical Computers 
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Table 1. Comparison between Quantum and Classical Computers 

Sl. No. Quantum Computers Classical Computers 

1 Performs computing by using quantum bits (qubits). 
Performs computing by using 

binary bits. 

2 Entanglement is possible. Entanglement is not possible. 

3 
One qubit can store information as a combination (superposition) of 0 and 

1. 
One bit stores either 0 or 1. 

4 Data teleportation is possible because of quantum entanglement [11]. 
Data teleportation is not possible 

[11]. 

5 Backtracking is possible [11]. Backtracking is not possible [11]. 

 

 
Fig. 1: Bloch sphere representation of a qubit [7] 

 

Principles of Quantum Mechanics 

Superposition: Superposition is a principle that enables 

a qubit to exist in several states at once, which allows 

quantum computers to compute at exponential speed [4]. 

 

Entanglement: When a pair or set of quantum states get 

correlated, regardless of the distance between them [4]. 

Measurement on one entangled state immediately 

influences the other states, an effect Albert Einstein once 

described as "spooky action at a distance" [1]. 

 

Measurement and Collapse: A qubit is in a 

superposition of states prior to measurement. Upon 

measurement, it collapses into one definite classical state 

(0 or 1) [1]. 

No-Cloning Theorem: This theorem says that it is 

physically impossible to make an exact copy of an 

arbitrary unknown quantum state [1]. This has very deep 

implications for quantum information processing and 

security. 

 

Quantum Gates and Circuits 

Quantum gates are the basic operations that change the 

quantum states of qubits [2]. They are similar to classical 

logic gates and are represented using linear algebra [1]. 

Examples include Pauli gates (X, Y, Z), which rotate the 

qubit state, and the Hadamard (H) gate, which puts a 

qubit into a superposition [4]. A series of these gates 

constitutes a quantum circuit, which is a quantum 

algorithm or computation [2]. 

 

Quantum Algorithms 

Quantum algorithms are programs specifically intended 

to execute on a quantum computer [2]. They take 

advantage of quantum phenomena such as superposition 

and entanglement in order to provide a computational 

advantage over classical algorithms [1]. Some examples 

include: 

 

Shor's algorithm: Shor's algorithm, which is capable of 

solving the discrete logarithm and integer factoring 

problems, was made public in 1994. This brought 

quantum computing to the attention of a much broader 

audience because of its cryptanalysis implications. Shor 

broke the algorithms that form the basis of current 

public-key cryptography by showing how quantum 

computers would be capable of factoring, a problem 

which mathematicians had been unable to solve for 

centuries. It was demonstrated in 1998 that a quantum 

computer could potentially compute an infinite number 

of calculations based on the threshold theorem. As a 

result of the excitement generated by these and other 

results, the kernels of the core algorithms were already 

demonstrated to function in the early 2000s on basic 

quantum processors [13]. 

 

Grover's algorithm: Grover's algorithm gives a solution 

to unstructured search problems. It is faster than its 

classical version by a factor of 2 in the quadratic sense, 

achieving a search time of O(√N) versus the classical 

brute-force search time of O(N) [2][11][13]. It achieves 

this by continuously amplifying the desired result 

amplitude in a quantum system. Following several 

iterations proportional to the square root of the number 

of solutions, the amplitude of the solution of interest is 

dominant. A final measurement then returns the correct 

solution with high probability. This algorithm belongs to 

the large class of quantum algorithms that exhibit a 

computational speedup over classical algorithms. 

Although certain quantum algorithms provide explicit 

exponential speedups, the quadratic speedup of Grover's 

algorithm is of notable importance if the number of 

possible solutions, N, is sufficiently large [2]. 
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QUANTUM COMPUTING ARCHITECTURES 

The choice of physical system to implement qubits leads 

to different types of quantum computer architectures, 

each with its own set of advantages and challenges. 

 

Superconducting Qubits 

Solid-state electrical circuits are known as 

superconducting qubits. Superconducting qubits offer 

the following benefits over qubits based on other 

quantum systems: 

 

Designability. The designability of a superconducting 

qubit system is high. It is possible to design various kinds 

of qubits, including charge, flux, and phase qubits. 

Additionally, by varying the capacitance, inductance, 

and Josephson energy, other parameters can be altered, 

including the coupling strength and the qubit's energy 

level. Consequently, it is possible to create the 

Hamiltonian of superconducting qubits [14]. 

 

Manufacturing. The current semiconductor 

microfabrication technology serves as the foundation for 

the creation of superconducting qubits. Advanced chip-

making technologies can be used to manufacture high-

quality devices, which is advantageous for 

manufacturing. 

 

Coupling made easy. The superconducting qubit 

system's circuit design makes coupling several qubits 

together comparatively simple. Generally speaking, 

capacitance or inductance can be used to pair 

superconducting qubits [14]. 

 

Controllable. Superconducting qubits are compatible 

with microwave control and operation, as well as their 

measurement. Thus, superconducting quantum 

computing experiments can be conducted using 

commercial microwave devices and equipment [14]. 

 

Trapped Ion Qubits 

Electromagnetic fields are used to confine ions, which 

permits manipulation and control of their quantum states 

[3]. Access to IonQ's trapped-ion quantum processors is 

made possible by the IonQ Quantum Cloud. The focus 

on trapped-ion qubits, which are renowned for their low 

error rates and capacity to carry out complex quantum 

operations, makes this platform unique. Through a cloud-

based interface, users can work with these qubits to 

develop and run quantum circuits for a variety of uses. 

Researchers can investigate error-mitigation techniques 

and applications that require high qubit fidelity thanks to 

IonQ Quantum Cloud's insight into the potential of 

trapped-ion qubits [15]. 

 

Photonic Quantum Computers 

Utilizing their special modal characteristics, such as 

polarization and quadrature phase, photons—particles of 

light—are the foundation for encoding and processing 

quantum information in photonic quantum computers. 

Discrete-variable (DV) approaches, which use 

characteristics like polarization or photon number, or 

continuous-variable (CV) methods, which use the 

electromagnetic field's amplitude and phase, can be used 

to realize quantum information. Both the DV and CV 

methods have shown promise for scaling and 

experimental success [16]. 

 

Other Emerging Architectures 

Other new and exciting quantum computing 

architectures include silicon spin qubits, which use 

electron spins in semiconductor quantum dots to provide 

high scalability potential and compatibility with current 

CMOS technology, in addition to trapped ion, photonic, 

and superconducting architectures. Using optically 

trapped atoms arranged in flexible arrays, neutral atom 

quantum computers operate at room temperature and 

offer scalable qubit connectivity. Although they are still 

mostly in the experimental stage, topological qubits seek 

to use exotic quasiparticles for inherent fault tolerance. 

Furthermore, in order to maximize the practical solution 

of quantum problems, hybrid quantum systems combine 

various quantum technologies with classical processors. 

These architectures reflect a variety of strategies aiming 

to go beyond the most popular approaches in order to 

address issues with coherence, scalability, and fault 

tolerance [3]. 

 

 
Fig. 2: Quantum Computer Architecture [3] 

 

APPLICATION IN ELECTRONICS AND 

COMMUNICATION 

The possibilities of quantum computing are enormous, 

ranging from basic physics to useful, everyday 

applications. 

 

Quantum Communication Networks 

Quantum communication uses quantum principles for 

secure data transmission. The underlying concept of 

using computers to simulate physics was first proposed 

by Richard Feynman in 1982. The ultimate aim is a 

Quantum Internet, made up of quantum computing 
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blocks and working interfaces for short-, medium-, and 

long-range communication, which would exist alongside 

the classical Internet. One of the main uses is Quantum 

Key Distribution (QKD), an approach that creates an 

arbitrary secret key shared by two parties, so any 

tampering with the key will be detectable because of the 

laws of quantum physics [13]. 

 

Quantum Machine Learning 

Tasks such as Quantum Machine Learning (QML), 

which will be able to solve intractable problems more 

effectively than conventional approaches, can be 

employed by quantum computers. It is imagined that 

quantum processing units will be used in conjunction 

with traditional classical computers within a 

heterogeneous computing system. For example, a 

quantum annealer has been developed to solve 

challenging optimization problems, including image 

classification processes. A major challenge for QML is 

obtaining an abundance of non-Clifford T-gates that are 

hard for classical computers to efficiently simulate in 

order to achieve true "quantum advantage" [12]. 

 

 
Fig. 3: Intersection of Quantum Computing and 

Machine Learning [12] 

 

Quantum Supremacy 

Quantum supremacy is the measure of a quantum 

computer's capability to solve a problem that is 

practically unsolvable on a classical computer. The 

phenomenon illustrates that nature is inherently quantum 

and works in tangible ways that cannot be replicated with 

non-quantum models. Google's Sycamore processor 

demonstrated this in 2019 by completing an operation in 

200 seconds that would have taken a classical 

supercomputer approximately 10,000 years to complete. 

 

CONCLUSION 
The computer landscape is poised for a radical revolution 

with the advent of quantum computing (QC) as a 

prospective replacement for conventional classical 

systems. Such a paradigm change is underpinned by the 

distinct rules of quantum mechanics, including 

entanglement and superposition [7], which support the 

next generation of algorithms that can solve problems 

previously thought to be intractable [11]. Examples 

include Grover's algorithm for searching a database and 

Shor's algorithm for factorizing integers, whose potential 

has already sparked substantial progress in many fields 

[11][13]. 

 

Although the potential of QC is great, its actualization is 

a significant engineering challenge. Today's technology 

exists in the Noisy Intermediate-Scale Quantum (NISQ) 

regime, wherein systems with small numbers of qubits 

are extremely noise-prone and susceptible to 

decoherence. This has encouraged a rapid race to 

construct fault-tolerant hardware platforms, such as 

superconducting circuits, trapped ions, and 

semiconductor spin qubits, in conjunction with 

sophisticated software environments and compilers 

capable of addressing these physical limitations. The 

creation of Quantum Error Correction (QEC) and fault-

tolerant architectures is crucial to scaling these systems 

and realizing practical, fault-free computation [10]. 

 

The applications of QC are already emerging, with far-

reaching implications for electronics and communication 

engineering. For communication, Quantum Key 

Distribution (QKD) and the vision of a Quantum Internet 

offer unparalleled security, exploiting quantum 

properties to provide communication channels that are 

fundamentally eavesdropper-proof [7]. In industry, 

Quantum Machine Learning (QML) is being explored for 

speeding up data analysis and optimization problems, 

with encouraging preliminary demonstrations in 

applications as diverse as drug discovery, cybersecurity, 

and financial modeling. As the technology continues to 

mature, coordination between the hardware, software, 

and application communities will be essential to realizing 

the full potential and practical utility of this new 

technology beyond preliminary theoretical 

demonstrations. 
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